Background. The availability of comprehensive, up-to-date epidemiologic data would improve the understanding of the disease burden and clinical consequences of rotavirus gastroenteritis (RVGE) in Europe.
on utilization of health care resources and costs. The direct and indirect costs of RVGE, together with the impact of children's illness on their families, including disease transmission, stress, and loss of workdays for parents, contribute to a substantial burden of disease associated with rotavirus [9] . The magnitude of this problem is underestimated, because many children with RVGE may not present for medical treatment, and many who do present are not asked to provide a stool specimen for rotavirus testing, especially in primary care [10] .
Rotavirus is transmitted primarily by the fecal-oral route [11, 12] , although transmission via airborne droplets has also been rarely reported [13, 14] . Rotavirus is highly contagious; only a small infectious dose (!100 virus particles) is required to infect another person. Once a person is infected, high numbers (110 12 particles/g) of viral particles are shed in stool [13, 14] .
RVGE is characterized by profuse watery diarrhea-as many as 20 episodes of diarrhea or vomiting per day in severe cases [15] -with loss of fluid and electrolytes that can last for 2-7 days, potentially leading to severe or fatal dehydration. The exact pathophysiologic mechanisms of RVGE are unclear, but the disease is thought to result from several processes acting simultaneously rather than from any single process [16, 17] .
In view of the current lack of knowledge of the epidemiologic profile of RVGE in Europe, we performed a prospective study in 7 countries. The primary objective of the Rotavirus Gastroenteritis Epidemiology and Viral Types in Europe Accounting for Losses in Public Health and Society (REVEAL) Study was to assess the annual incidence rates for AGE and RVGE among children !5 years of age in 3 different health care settingshospital, emergency department, and primary care-in a specific study area in each country [8] . The secondary objectives of the study were to describe the distribution of rotavirus serotypes associated with RVGE [18] , to evaluate the medical and societal costs of RVGE [9] , and, as presented in the current article, to describe the clinical impact of RVGE.
MATERIALS AND METHODS
The REVEAL Study was a prospective, multicenter, observational study of AGE in children !5 years of age, performed over a 12-month period (1 October 2004 -30 September 2005 in selected areas of 7 countries: Belgium, France, Germany, Italy, Spain, Sweden, and the United Kingdom. The study was conducted in accordance with the 2004 revision of the Declaration of Helsinki, the guidelines for Good Epidemiological Practice [19] , and local regulatory requirements. The protocol was approved by the local ethics committees.
Full details of the study design and sampling procedures are described elsewhere in this supplement [8] . In brief, a selected region within each country, which included both urban and rural populations, was identified. The study areas were as follows: Antwerp, Belgium; Dijon, France; Rostock, Germany; Padua, Italy; Gandia and Denia (Valencia), Spain; Västerbotten County, Sweden; and the Wirral, United Kingdom. Within each study area, all hospitals and emergency departments and a convenience sample of primary care physicians (general practitioners and/or pediatricians) participated in the study. All children !5 years of age presenting with AGE during the study period were eligible for inclusion. The numbers of children !5 years of age in each area were as follows: 14, 193 [8] . Children who had participated in a trial of a rotavirus vaccine or who had a nosocomial AGE were excluded.
AGE was defined as an episode of at least 3 loose stools, 3 watery stools, or forceful vomiting associated with gastroenteritis occurring within a 24-h period during the 7 days before the medical visit; the episode must have been preceded by a symptom-free period of 14 days, in the absence of a previously diagnosed chronic gastrointestinal tract disease with symptoms compatible with the definition of AGE (e.g., celiac disease or Hirschsprung disease). Rotavirus-positive AGE was defined as AGE (corresponding to the clinical definition) with rotavirus detection by ELISA. The serotyping and genotyping methods used are described elsewhere [8, 18] .
Data relating to the nature and duration of symptoms were collected via a series of questionnaires completed by the parents and physician, as well as by the nurse responsible for hospitalized children. The physician completed a baseline questionnaire with details of inclusion criteria, environmental factors (e.g., breast-feeding and previous episodes of gastroenteritis in the past 12 months), health care utilization related to the AGE episode before the inclusion visit, medication prescribed, and laboratory investigations requested during the inclusion visit and the results of those investigations for the detection of rotavirus. Parents completed a baseline questionnaire relating to sociodemographic and environmental factors (e.g., education and employment status of parents, number of children and adults in the household, and care of the child during the day). For children who were hospitalized, a follow-up questionnaire was completed by the treating nurse with or without the parents, relating to the nature and duration of symptoms of AGE, laboratory tests, and rehydration therapy (intravenous [iv] fluids and oral rehydration solutions). For all children, the parents completed a follow-up questionnaire at the end of the episode, relating to the nature and duration of symptoms, additional health care utilization for AGE since the inclusion visit (e.g., additional primary care or emergency department visits or hospitalization), and other parameters associated with the cost of RVGE (e.g., medication at home and number of workdays lost by parents).
If a child visited 11 health care setting during the AGE episode, he or she was included in the study at the highest level of care, in increasing order: primary care, emergency department, hospital. For example, a child who consulted a primary care physician and also required hospitalization was included in the hospital setting. In the German study area, there were no inclusions for the emergency department setting, because all eligible children consulting at emergency departments were referred to a hospital and were therefore included in the hospital setting. Children who satisfied the eligibility criteria but whose parents did not give written, informed consent; whose parents did not speak the native language of the country, or had no access to a telephone were not included in the study.
For each study area, the overall incidence rates for AGE and RVGE were estimated by extrapolating data from the included children to children who were eligible but not included, while adjusting for response rates and sampling fraction [8] . It was assumed that the characteristics and outcomes among children who were eligible but not included were similar to those of children who were included. All statistical analyses were performed using SAS software (version 8.2; SAS Institute). All data were summarized in frequency tables.
RESULTS
Across the 7 study areas, 12 hospitals, 18 emergency departments, and 139 primary care physicians participated in the study [8] . Overall, 8301 children were assessed for eligibility. Of these, 7082 (85.3%) children were eligible for inclusion in the study, of whom 2846 (40.2%) were included. The age category and date of consultation for the remaining 4236 eligible children who were not included were recorded on a screening list, along with their age category and date of consultation. These data were used in the calculation of rotavirus incidence estimates. The most common reasons for noninclusion of the remaining 4236 children were parental consent not obtained (58%-97%) and inability to speak the native language (3%-42%).
The majority of children were !2 years of age, and the male: female ratio was ∼55:45 for all areas except Sweden, where slightly more girls than boys were included. The number of participants per setting and country, the estimated incidence by country and age group, and the estimated seasonal distribution of AGE and RVGE occurrence are described elsewhere in this supplement [8] .
The overall estimated percentages of children with RVGE among all children with AGE were 44.7% in Belgium, 33.5% in France, 27.8% in Germany, 43.6% in Italy, 31.2% in Spain, 52.0% in Sweden, and 35.9% in the United Kingdom. The percentage of estimated AGE cases due to rotavirus varied between settings. Rotavirus infection accounted for up to 69%, 64%, and 41% of children with AGE in the hospital, emergency department, and primary care settings, respectively, in individual study areas (table 1) . In general, RVGE was more frequent among children who were hospitalized or seen in emergency departments than among those seen only in primary care.
Estimated hospitalization rates among children with rotavirus-positive or rotavirus-negative AGE. In all study areas, the estimated percentage of children with rotavirus-positive AGE who were hospitalized was higher than the estimated percentage of children with rotavirus-negative AGE who were hospitalized. These percentages ranged from 10.4% in Germany to 36.0% in Sweden, for rotavirus-positive AGE, and from 2.1% in Germany to 23.5% in Sweden, for rotavirus-negative AGE (figure 1).
Duration of hospitalization for children with rotavirus-positive or rotavirus-negative AGE. The mean duration of hospitalization among children with rotavirus-positive AGE ranged from 2.5 days in Sweden to 5.0 days in Germany. A similar finding was observed for children with rotavirus-negative AGE, for whom the mean duration of hospitalization ranged from 2.4 days in the United Kingdom to 5.2 days in Germany (data not shown).
Referral for additional health care. A substantial percentage of patients visited 11 health care setting (data not shown). Of children who first consulted in the primary care setting, 33%-68% subsequently required medical care in another clinical setting. In primary care settings in all study areas, the percentages of children with rotavirus-positive disease who were referred to either an emergency department (6.1%-45.3%) or a hospital (13.0%-57.1%) were greater than the corresponding percentages of children with rotavirus-negative disease (0%-18.1% and 3.8%-28.1%, respectively) (table 2). The relative risk (RR) of being referred to an emergency department after an initial consultation in primary care was higher for children with rotavirus-positive AGE than for those with rotavirus-negative AGE, and this difference reached statistical significance in France and Italy. The RR for hospitalization after an initial consultation in primary care was also higher for children with rotavirus-positive AGE than for those with rotavirus-negative AGE, and this difference reached statistical significance in France, Germany, Italy, Spain, and the United Kingdom.
Estimated frequency of clinical symptoms among children with rotavirus-positive or rotavirus-negative AGE. In all study areas, the estimated frequency of symptoms of AGE, such as dehydration, vomiting, lethargy, and fever, was generally higher among children with rotavirus-positive AGE than among those with rotavirus-negative AGE.
Across study areas, the estimated percentage of children with rotavirus-positive AGE who were dehydrated ranged from 11.1% to 71.4% (figure 2). In 5 of the 7 study areas, dehydration was 1.8-5.5 times more likely in children with rotavirus-positive AGE than in those with rotavirus-negative AGE; in the remaining 2 countries, there was no increased likelihood of dehydration. Vomiting was also more common in children with In the German study area, all eligible children who presented to the emergency department with acute gastroenteritis during the study were referred to the hospital, so there were no inclusions for the emergency department setting. c In the primary care setting in the Swedish study area, parents generally called a nurse advice service located in the same medical center as the primary care physicians. Therefore, on the basis of the nurses' advice, most children with acute gastroenteritis were referred to higher care or treated at home. rotavirus infection; it was estimated to occur in 76.7%-99.5% of such children, compared with 56.1%-82.9% of children with rotavirus-negative disease, and it was more likely to be the first sign of AGE in children who were rotavirus positive than in those who were rotavirus negative (data not shown). Across study areas, the estimated percentages of the other common symptoms of AGE among children with rotavirus-positive AGE were as follows: diarrhea, 91.0%-99.2%; fever, 58.4%-90.1%; irritability, 59.2%-89.1%; and lethargy, 52.8%-95.0%. Among children with rotavirus-negative AGE, the corresponding estimated percentages were as follows: dehydration, 3.2%-35.7%; diarrhea, 83.2%-99.2%; fever, 38.2%-60.7%; irritability, 71.8%-91.5%; and lethargy, 41.9%-82.4%. Treatment and laboratory investigations for children with rotavirus-positive or rotavirus-negative AGE. In the primary care setting across 6 of the 7 study areas, 36.8%-61.5% of children with rotavirus-positive AGE were prescribed medication, such as antidiarrheal, anti-infective, or analgesic agents, compared with 26.1%-79.5% of children with rotavirus-negative AGE. In Sweden, only 1 child had confirmed rotaviruspositive AGE, so Sweden was excluded from this analysis. In the emergency department setting in France, Italy, Spain, and the United Kingdom, up to 64.0% of children with rotaviruspositive AGE and up to 55.7% of children with rotavirus-negative AGE received prescribed medication. In Sweden, the majority of the children received either no medication or overthe-counter medication (80% and 90% of children with rotavirus-positive and rotavirus-negative AGE, respectively). In Germany, no children were included in the emergency department setting, and, in Belgium, only 5 children were included. Among hospitalized children, 21.2%-69.2% of those with rotavirus-positive AGE and 12.5%-90.9% of those with rotavirus-negative AGE were given prescribed medication exclusively. Up to 57.9% of children with rotavirus-positive AGE seen in primary care received both prescribed and over-thecounter medication; in emergency department and hospital settings, the percentages were 26.0% and 28.9%, respectively. Few patients in any health care setting received only over-thecounter medication.
There was considerable variation in the percentage of children hospitalized with AGE who received iv rehydration therapy and/or oral rehydration solutions. In the Italian study area, for example, 91.5% of children with rotavirus-positive AGE and 71.4% of children with rotavirus-negative AGE received iv fluids, whereas, in the United Kingdom, children received either oral rehydration solutions or both oral and iv rehydration therapy; none received only iv rehydration therapy. A minority of children in Belgium, France, Italy, Spain, and Sweden received no rehydration therapy (data not shown). Across the study areas, substantial variation occurred in the percentage of children who had laboratory investigations performed, such as stool or blood sample analysis, or ultrasound examination performed during the initial evaluation in the hospital setting. Among children with rotavirus-positive AGE, 6.5%-94.3% had laboratory investigations performed, whereas 24.1%-96.4% of children with rotavirus-negative AGE had laboratory investigations performed. The percentages were lower in the emergency department and primary care settings, with 0%-61.5% and 0%-21.0%, respectively, of children with rotavirus-positive AGE and 11.5%-66.7% and 6.4%-30.8%, respectively, of children with rotavirus-negative AGE having laboratory investigations performed.
DISCUSSION
The REVEAL Study is, to our knowledge, the first large-scale prospective epidemiologic study of pediatric RVGE in Europe in 3 health care settings: hospital, emergency department, and primary care. The results from the REVEAL Study show that, in all 7 study areas, rotavirus is responsible for a high percentage of AGE among children !5 years of age and that RVGE is more frequent among children 6-23 months of age than among those in other age groups [8] . The REVEAL Study data presented in this article show that rotavirus-positive AGE is more severe than rotavirus-negative AGE. Symptoms such as dehydration, vomiting, lethargy, and fever were more frequently observed among children with rotavirus-positive AGE than among those with rotavirus-negative AGE. Among children who first consulted in primary care, the greater severity of rotavirus-positive AGE was also reflected by the higher risk of emergency department or hospital admission for children with rotaviruspositive AGE than for those with rotavirus-negative AGE. In addition, in all areas studied, rotavirus infection was the underlying cause of illness in the majority of children hospitalized with AGE.
A major strength of the REVEAL Study is that 12800 children NOTE. The reference group for RR calculations is RV-negative patients, for whom risk is equal to 1.0. CI, confidence interval; NA, not applicable; RR, relative risk. a RR calculation was not possible, because there were no referrals in the RV-negative group. b ELISA results were not available, either because there were insufficient samples or the test results were not interpretable. c In the German study area, all eligible children who presented to the emergency department with AGE during the study were referred to the hospital, so there were no inclusions for the emergency department setting.
were included from hospital, emergency department, and primary care settings in selected study areas in 7 countries. Additionally, the same protocol was used in all study areas, and the study covered an entire season of RVGE. Furthermore, a central laboratory performed the rotavirus ELISAs. A potential limitation of this study, however, is that the incidence rate calculations relied on extrapolation of data from an observed population to the whole population of each study area, on the basis of the assumption that the nonincluded children with AGE/RVGE would have similar characteristics (see [8] ). Other potential limitations, which may result in underestimation of the incidence of RVGE, were that only children seeking health care could be included in the study and that only samples that were found to be positive by ELISA were analyzed using reversetranscription polymerase chain reaction, a more sensitive assay than ELISA [20, 21] . In this study, we did not look for other possible pathogens that could have been responsible for AGE, and it is important to remember that, because there is a wide variety of infectious agents that could cause rotavirus-negative AGE, this group is likely to encompass a heterogeneous population, particularly in comparison with the rotavirus-positive AGE population. Another potential limitation is that not all primary care physicians participating in the study had computerized records to provide reliable data on the number of children !5 years of age in the study area (the denominator).
In practices using paper records, therefore, denominators were calculated from the list of patients attending the physician's office during the study period [8] , but this denominator might not include all children !5 years of age and so could have led to overestimation of the rates of AGE and RVGE in the primary care setting. Despite the potential limitations, our findings are consistent with those from other studies that have shown a greater severity of rotavirus-positive AGE compared with rotavirus-negative AGE, with a higher frequency of dehydration, vomiting, and fever [22] [23] [24] [25] . However, it is not possible to diagnose rotavirus infection on the basis of the clinical symptoms alone, because these are neither specific nor distinguishable from AGE due to other common causes [26] . From a clinical perspective, this is not a major concern, because there are no specific treatments available for rotavirus infection, and physicians cannot reliably predict whether any given child will develop severe disease [27] .
Some investigators have noted an association between a higher hospitalization rate associated with rotavirus-positive AGE, compared with rotavirus-negative AGE [28, 29] , suggesting a more severe course for rotavirus-positive AGE. This has been confirmed by our study, in which the estimated hospitalization rates were higher for children with rotavirus-positive AGE in all study areas, ranging from 10.4% (Germany) to 36% (Sweden), compared with 2.1% (Germany) to 23.5% (Sweden) for children with rotavirus-negative AGE. This is consistent with the observation that rotavirus-positive AGE is 13 times more likely to result in hospitalization than is gastroenteritis from other causes [28] .
Variability in hospitalization and treatment rates found in different study areas more likely reflects different models of care for children with AGE than differences in strain or serotype virulence or in host population susceptibility. In Sweden, for example, most children are cared for at home or, if dehydrated, in a hospital. In Italy, however, children with AGE and mild dehydration often receive care, including oral rehydration solutions, at home, provided by visiting primary care pediatricians; only patients with more severe disease are referred to a hospital. This is reflected by the infrequent use of oral rehydration solutions and the frequent use of iv rehydration therapy in hospitalized children in Italy, compared with other countries. The mean duration of hospitalization that we observed was similar for children with rotavirus-positive AGE and those with rotavirus-negative AGE in our study. This may be explained by the fact that children are usually hospitalized when they are dehydrated or at risk of dehydration, regardless of the etiology of AGE.
The criteria for assessing dehydration in the study were the same in all countries. We did not provide any specific training, because we wanted the study to be as pragmatic as possible. We observed wide variation in the estimated percentage of rotavirus-positive children who were dehydrated (11%-71.4%), but the data collected do not enable us to explain this variation. For example, in Spain, it was estimated that 11.1% of children with RVGE were dehydrated, whereas, in hospitals, 88.9% of the children with RVGE were given iv rehydration therapy. However, in Belgium and Sweden, where the estimated percentages of rotavirus-positive children who were dehydrated were the highest (36.8% and 71.4%, respectively), the majority of the children were included in the hospital setting (62.2% and 52.0%, respectively) and, therefore, were more likely to have more severe disease.
A previous epidemiologic study estimated that rotavirus accounts for 1230 deaths annually among children !5 years of age in the European Union [30] , most of them due to dehydration and delay in hospitalization. As would be predicted from the expected incidence of RVGE and the high level of health care provided in the study areas, no deaths were observed during this investigation.
We observed that the RR for emergency department care and hospital referrals among children who first consulted in the primary care setting was higher for children with rotaviruspositive AGE in both settings. This was statistically significant in France and Italy for emergency department referral and in France, Germany, Italy, Spain, and the United Kingdom for hospital referral. This important finding suggests that prevention of RVGE could greatly reduce the hospitalization rate for children with AGE. In addition, many children received care in multiple clinical settings, indicating that there can be considerable burden for patients, parents, and health care resources across multiple clinical settings.
Across the study, the percentage of children who were prescribed medication, such as an antidiarrheal agent, varied, and comparable percentages of children with rotavirus-positive AGE or rotavirus-negative AGE received prescribed medication in any study area. Similarly, there was considerable variation in the percentage of children hospitalized with AGE who received iv and/or oral rehydration therapies, reflecting different clinical practice in different study areas. Despite the established role of rehydration therapy in the management of children with AGE, some hospitalized children in the study were reported as not having received any rehydration therapy.
Our study showed that the incidence of RVGE is high in Europe, and most children !5 years of age are at risk [8] . Rotavirus-positive AGE is more severe than rotavirus-negative AGE, with higher frequencies of dehydration, vomiting, fever, and signs of lethargy and a greater risk of hospitalization. Compared with children with rotavirus-negative AGE, children with rotavirus-positive AGE more often present to multiple health care settings, providing evidence for the greater clinical impact of rotavirus AGE compared with that of nonrotavirus AGE. Reductions in the incidence and severity of RVGE would, therefore, have major benefits for potential patients, families, and health care providers. A decrease in hospital admissions due to community-acquired RVGE would be accompanied by a reduction in nosocomial rotavirus infections, which account for a large proportion of hospitalized children with RVGE [7, 31, 32] . The REVEAL Study has provided essential data on the clinical impact of RVGE and underlines the importance and likely benefits of early childhood vaccination.
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